Purpose: The aim was to investigate the effect of axial length on full-field electroretinogram (ffERG) and multifocal electroretinogram (mfERG) in young Indian subjects. Methods: One hundred subjects (44 male) with refractive errors from +0.50 to −18.00 DS and no myopic retinopathy underwent axial length measurement. ffERG was measured, which included scotopic and photopic responses according to International Society for Clinical Electrophysiology of Vision (ISCEV) guidelines. The mfERG was recorded after correcting for refractive error according to ISCEV standards. The dark-adapted and lightadapted parameters of ffERG and N1, P1 parameters of six rings in mfERG were analysed with axial length, controlled for refractive error. The subjects were divided into seven groups based on axial length. The b/a ratio of dark-adapted and light-adapted 3.0 ffERG and P1/N1 ratio of mfERG amplitudes were analysed for seven groups of axial length. Results: The axial length ranged from 21.79 to 30.55 mm. Significant negative correlations were noted for ffERG and mfERG amplitudes, whereas implicit times showed minimal delay with increase in axial length. In ffERG, the scotopic responses were more decreased compared to photopic responses. In mfERG, P1 and N1 amplitudes were significantly decreased in all the rings in all groups and more reduction was noted in the central ring compared to peripheral rings. The P1 amplitudes were more affected as compared to N1 amplitudes. The light-adapted and dark-adapted 3.0 ERG b/a ratio and P1/N1 ratio for seven axial length groups did not show statistically significant difference. The ERG parameters were not significant with refractive error. Conclusion: This study quantifies the relationship of axial length with ffERG and mfERG parameters in a young Indian population. Although the amplitudes were reduced significantly, the implicit times were not significantly affected. The ERG parameters were more related to axial length than refractive error. Hence, interpretation of ffERG and mfERG parameters needs careful consideration in subjects with increasing axial length.
Electroretinographic (ERG) responses provide objective quantification of retinal function. The full-field electroretinogram (ffERG) measures the whole function, whereas multifocal electroretinogram (mfERG) measures local function of the retina. In normal eyes, ERG responses are influenced by various factors such as age, 1, 2 medial opacities, 3 systemic medications, 4, 5 axial length 6 and refractive error. 7 The axial elongation in myopia has been reported to produce retinal stretching, 8 retinal thinning, 9 reduced retinal cell density, enlarged photoreceptor inner segments 10 and alteration of the regular arrangement of retinal neurons, which affects the signal transmission among different retinal layers. 11 Such anatomical changes may result in impaired retinal function and ultimately may alter visual performance. [12] [13] [14] Uchida, 15 and Moschos and colleagues 16 reported reduction in ffERG and mfERG parameters in pathological myopia. Westall and colleagues 6 evaluated ffERG parameters for 60 subjects with no retinopathy and increased axial length. They found linear reduction in ffERG amplitudes with increase in axial length which was more related to axial length rather than refractive error. Kawabata and Adachi-Usami 10 evaluated mfERG parameters with increasing axial length in 30 subjects. They postulated that the reduced amplitudes and delayed latencies are attributable to loss of cone function in patients with no retinopathy having only tessellated fundi. Koh and colleagues 17 have studied the structurefunction relationship in a small group of 32 myopes. They found that ffERG and mfERG P1 amplitudes of outer rings were inversely associated with axial length. Chan and Mohidin 18 studied the mfERG for 30 subjects with increasing axial length and found that the central retinal region showed a greater reduction compared to the periphery. In the present study, both ffERG and mfERG parameters were studied extensively with increasing axial length for the same subject to get a better clinical correlation in a young Indian population. The present study aimed to investigate the association of increased axial length with ffERG and mfERG in young Indian subjects controlled for refractive error.
Board of the Medical Research Foundation, Chennai, India. One hundred subjects (44 male) were recruited after obtaining written informed consent. All the subjects underwent comprehensive examination of the eye, which included past medical and ocular history, refraction, colour vision assessment with Ishihara pseudoisochromatic plates, motor evaluation, pupillary evaluation, slitlamp biomicroscopy, applanation tonometry and dilated fundus examination with indirect ophthalmoscopy. The subjects with visual acuity of 6/6 or better, normal colour vision with no myopic retinopathy were included in the study. Myopic retinopathy was defined as having one or more signs of staphyloma, lacquer cracks, Fuchs' spots and myopic chorioretinal atrophy.
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Subjects with known ocular disease, systemic disease causing abnormal ERG and previous intraocular surgery were excluded. If the subject was eligible according to the criteria, axial length measurement was performed on the same day.
Axial length was measured using A-scan ultrasonography (Ocuscan Rxp, Alcon, Fort Worth, Texas, USA), with contact technique after the instillation of proparacaine 0.5 per cent drops. Ten readings were taken for each eye. The reading was accepted, if the three peaks representing the anterior corneal surface and the anterior and posterior lens surfaces were equal in height to the reflection of the retinal and scleral surfaces. The lowest and highest readings were discarded and the mean of the other readings was accepted as the axial length measurement.
The ffERG and mfERG were recorded according to the International Society for Clinical Electrophysiology of Vision (ISCEV) protocol 1,3 using Visual Evoked Responses Imaging System (VERIS 5.2.2X, Electro-Diagnostic Imaging Inc, San Mateo, California, USA). The pupils were pharmacologically dilated with 0.8 per cent of tropicamide and five per cent of phenylephrine. The bipolar Burian Allen electrode was used for ffERG and mfERG recordings with a gold cup electrode attached to the earlobe as the ground electrode. 3 Following maximal pupillary dilation, dark-adapted 0.01 ERG and darkadapted 3.0 ERG were recorded after 20 minutes of dark adaptation. The lightadapted 3.0 ERG and light-adapted 3.0 flicker ERG were recorded after 10 minutes of light adaptation using Ganzfeld stimulation as recommended by ISCEV standards. 1 After ffERG recording, subjects were given pre-adaptation to ordinary room lighting for 20 minutes prior to mfERG recording. 3 The mfERG stimulus array consisted of 103 hexagonal arrays scaled for eccentricity as provided by the manufacturer and was displayed on a cathode ray tube monitor. The stimulation rate was 75 Hz (interframe base interval: 13.33 msec) and the response signal was sampled at 16 times per frame (interval of 0.83 msec), with 16 segments recording time of about seven minutes 17 seconds. The hexagonal pattern subtended 35 horizontally and 31 vertically at viewing distance of 52 centimetres. To maintain constant retinal image size, subjects were optically corrected by the inbuilt refractor in the device. The subjects were asked to rotate the knob in the refractor for correcting the refractive error. The stable head position was monitored by video camera provided by the manufacturer. The subjects were advised to maintain fixation at the centre of the stimulus array and were instructed to refrain from blinking. The high and low luminance levels of the stimulus were 128 cd/m 2 and three cd/m 2 . The band pass filter was set between 10 and 100 Hz and gain of 50,000 Hz was used. The recordings were rejected if there were any artefacts due to excessive blinking or poor fixation. Normal room lighting was used during mfERG recording. The first-order kernel responses (K1) were extracted using VERIS software. The 103 traces were grouped into six concentric rings, a central hexagon corresponding to the fovea and the five concentric rings at different eccentricities corresponding to parafoveal and perifoveal regions. Ring 1 (R1) subtended 1.6 in diameter, ring 2 (R2) 
Statistical analysis
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS version 17.0; SPSS Inc, Chicago, Illinois, USA). The independent t-test was used to find differences in age and axial length measurements among males and females. Right eye parameters were taken for analysis. Correlations were calculated between the axial length and ERG parameters, vitreous chamber depth and axial length. Linear regression was used to quantify the relationship between axial length and ERG parameters controlled for refractive error. The subjects were divided into seven groups based on axial length, which are as follows: group 1, less than 23.00 mm (n = 16); group 2, 23.01 to 24.00 mm (n = 14); group 3, 24.01 to 25.00 mm (n = 17); group 4, 25.01 to 26.00 mm (n = 16); group 5, 26.01 to 27.00 mm (n = 17); group 6, 27.01 to 28.00 mm (n = 7); and group 7, greater than 28.00 mm (n = 13). Dark-adapted 3.0 ERG b/a ratio, light-adapted 3.0 ERG b/a ratio and P1/N1 ratio of six mfERG rings were analysed among the seven groups of axial length using Kruskal-Wallis test. The difference was considered to be significant at p < 0.05 for ffERG. As the mfERG responses had six rings, Bonferroni adjustment was used to adjust multiple comparisons and the alpha level was set to be 0.0083.
RESULTS
One hundred subjects (56 female) were recruited, with mean age of 22.01 AE 5.6 years (males 22.98 AE 6.27 years and females 21.27 AE 4.96 years). Independent t-tests did not show significant differences in age (p = 0.124) and axial length (p = 0.914) among males and females. The axial length ranged from 21.79 to 30.55 mm and refractive error from +0.50 to −18.00 DS. The mean axial length was 25.14 AE 2.06 mm (males 25.44 AE 2.06 mm and in females 24.91 AE 2.04 mm). The axial length was positively correlated with vitreous chamber depth (r = 0.990), which was calculated for all the subjects as shown in Figure 1 , indicating that myopia was primarily due to elongation of the vitreous chamber.
Linear regression was used to predict the ffERG and mfERG parameters with increase in axial length and refractive error, separately. For ffERG parameters, the coefficients of determination for axial length ranged from 0.027 to 0.601 and for refractive error from 0.005 to 0.534. For mfERG parameters, the coefficients of determination for axial length ranged from 0.025 to 0.591 and for refractive error ranged from 0.003 to 0.505. The axial length showed greater coefficients of determination compared to refractive error. To account for retinal illuminance and image magnification in ffERG and mfERG, refractive error was introduced as covariate in the regression analysis.
Full-field electroretinogram
The sample ffERG waveforms in each of the seven groups are given in Figure 2 . The ffERG amplitudes showed reduction with increase in axial length ( Figure 3A ). All ffERG amplitudes showed linear decrease across all groups. The ffERG implicit times showed minimal delay with increase in axial length ( Figure 3B ). The implicit times were less affected as compared to amplitudes with increase in axial length. The ffERG dark-adapted 3.0 amplitudes scatter plot with axial length are shown in Figures 4A and 4B . The dark-adapted and light-adapted b/a ratios did not show statistically significant differences across the seven groups of axial length.
The ffERG implicit times had fewer coefficients of determination than amplitudes, which ranged from 0.191 to 0.276. For every one millimetre increase in axial length, the dark-adapted 3.0 ERG showed 15.7 μV reduction in a-wave amplitude and 23.4 μV reduction in b-wave amplitude in the absence of myopic retinopathy. For example, a subject with axial length 22.1 mm may have dark-adapted a-wave amplitude 312. (Table 1) .
Multifocal electroretinogram
The N1 amplitude and implicit time were measured from baseline to trough of N1. The P1 amplitude was measured from trough of N1 to peak of P1. P1 implicit time was measured from baseline to peak of P1 as shown in Figure 5A . The sample average six ring waveforms of mfERG in each of the seven groups are given in Figure 5B . The N1 and P1 mfERG amplitudes were noted to decrease with increase in axial length across seven groups ( Figures 6A and 6B ). Minimal linear reduction in amplitudes was noted from group 1 to group 3 (for axial length from 21.01 to 25.00 mm), with higher reduction noted from 25.01 to 28.00 mm axial length and much higher reduction noted for axial length greater than 28.00 mm. In mfERG, the P1 amplitudes were more affected compared to N1 amplitudes. The co-efficient of determination of mfERG N1 amplitudes with axial length ranged from 0.369 to 0.575, whereas P1 amplitudes ranged from 0.564 to 0.593. For each millimetre of increase in axial length, the decrease in amplitudes was more in the foveal and parafoveal as compared to perifoveal ring responses. The P1 and N1 amplitudes were more reduced in ring 1 of the mfERG trace array compared to other rings. The mfERG parameters showed 2.4 nV/deg 2 decrease in N1 amplitudes of ring 1 for every one millimetre increase in axial length, whereas P1 amplitudes showed 7.4 nV/deg 2 Table 2 ). The N1 and P1 implicit times showed minimal linear increase from group 1 to group 6 with more delay noted in group 7 (axial length greater than 28.00 mm) as shown in Figures 6C  and 6D . The mfERG scatter plots of ring 1 amplitudes shows decreased values with increased axial length as shown in Figures 7A and 7B .
The coefficient of determination of P1 implicit times ranged from 0.130 to 0.255, whereas for N1 amplitudes 0.082 to 0.120. The variation for N1 implicit times was significant for the first two rings compared to rings 3, 4, 5 and 6 with increasing axial length as the p-value was greater than 0.0083 (Table 3) .
The dark-adapted and light-adapted 3.0 ERG b/a ratio and P1/N1 ratio for mfERG amplitudes for seven axial length groups were calculated and tested using Kruskal-Wallis test. Both the b/a ratios were not different between seven groups of axial length. Also, the P1/N1 ratio did not show significant statistical difference (p < 0.05). 
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DISCUSSION
Results from the present study reveal the relationship between ffERG and mfERG responses and increased axial length in young Indian subjects with near equal gender distribution. The excessive axial enlargement could probably be accounted for by the elongated vitreous chamber, as little abnormal change is found in the anterior chamber depth or lens thickness in high myopes. 20, 21 In the present study, good correlation was found between the axial length and vitreous chamber depth. ERG abnormalities are seen to be dependent on the severity of myopic retinopathy. 22 Hence, we did not include subjects with myopic retinopathy in our study. The subjects did not have media haze during the study period and hence, media haze was not a cause of the reduction in amplitudes.
In the present study, the ffERG amplitudes showed linear reduction with increase in axial length and significant reduction for axial length greater than 28.0 mm, even in the absence of any signs of myopic retinopathy. The scotopic b-wave amplitudes were more decreased compared to photopic responses in our study. The increased axial length was associated with decreased scotopic b-wave amplitudes, which may cause earlier rod dysfunction. 17 Axial elongation of the myopic eye has the potential to stretch the retina across the interior of the globe, thereby reducing the sampling density of retinal neurons and alters retinal physiology. 12 Chen and colleagues 23 have proposed that low retinal cell responsitivity, which assumes decline in retinal elements function caused reduction in ffERG responses with increase in axial length rather than wider spacing of retinal elements.
Regression analysis for ffERG parameters revealed a predominant effect on amplitudes as compared to implicit times. The refractive error, which was introduced as covariate in the regression analysis did not show a significant difference. This may indicate that the retinal illuminance does not cause a decrease in amplitudes and 
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Clinical and Experimental Optometry 100.6 November 2017 © 2017 Optometry Australia delay in implicit times in ffERG and the reduction is primarily due to increase in axial length. 6 Westall and colleagues 6 showed that axial length had slightly higher coefficients of determination than refractive error, suggesting that the ERG responses are more affected by increase in axial length than refractive error. We also found that for mfERG parameters, the coefficients of determination for axial length had a higher range from 0.025 to 0.591 than for refractive error, which ranged from 0.003 to 0.505. The first-order kernel responses of mfERG have been reported to be reduced and delayed with increase in myopic refractive error. 18 As the axial length increased, the central hexagon (ring 1) showed relatively greater rate of reduction in both N1 and P1 amplitudes as compared with other rings. The central rings are more affected than peripheral rings and this could be attributed to increase in subretinal space because of stretching causing reduction in photoreceptor response and in turn decreasing the amplitudes with increase in axial length. 18 Koh and colleagues 17 reported that the amplitudes of outer rings in mfERG were inversely associated with axial length but in the present study, we found that both central and peripheral ring amplitudes were affected. We believe that this variation could be due to a larger cohort of subjects in the present study.
In mfERG, the implicit times of mfERG were not significantly different compared to amplitudes but the implicit times were more delayed with increase in axial length. Kawabata and Udachi-Usami 10 reported that this could be due to loss of cone function. Chan and Mohidin 18 have also reported that the changes in implicit times were not significant except for the outer ring in 30 healthy subjects with increasing axial length. Park and colleagues 7 have reported that implicit time increased significantly with increasing myopic refractive error. The age range was between 20 and 60 years and the subjects were grouped based on refractive error. Hence the results of those 90 myopic subjects could not be compared with the present study.
The refractive error did not show statistically significant differences in the regression analyses for all the parameters of the mfERG. The refractive error was corrected using the inbuilt refractor in the device. As the refractive error was corrected to maintain constant image size for each subject, the reduction in responses may not be due Effect of axial length on full-field and multifocal ERGs Sachidanandam, Ravi and Sen to image magnification caused by uncorrected refractive error in the mfERG response. Hence, the primary factor causing reduction is due to increase in axial length. 18 The measured average b/a ratios in ffERG were greater than 1.5, with mean of 2.0 AE 0.4. Perlman 24 also reported that all myopic eyes had normal b-wave to a-wave ratios, despite a generalised amplitude reduction. This may imply that the decrease in amplitudes is primarily due to a decrease in the photoreceptor density and the conduction is not affected. 24 Also in mfERG, the differences in P1/N1 ratios were not significant across the seven groups of axial length in our study, indicating normal signal transmission.
The limitation of our study is that curvature myopia was not included. Optical coherence tomography was not done, which could have helped us to evaluate the structural and functional correlation in this large cohort of subjects. The global flash ERG could have contributed in terms of cellular changes causing variations in mfERG in subjects with increased axial length, which was not performed in the current study. 25, 26 In conclusion, in the absence of myopic retinopathy, ERG parameters showed decreased amplitudes with increase in axial length. For correct interpretation of ERG responses in clinical practice, we recommend consideration of axial length measurement and also the need to use Table 3 . Correlation and regression equation for mfERG N1 and P1 implicit times
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